Carbonization of modified composites based on gypsum binder has been proposed as a promising method for producing gypsum materials with high technical properties. To reduce costs and improve manufacturability, mineral modifiers are used in gypsum composites. Together with gypsum and lime the waste of basalt production is used. In contrast to other methods, the proposed carbonization during the formation of gypsum forms a gypsum stone, which has a reduced porosity. Of particular interest is the clogging of external pores, which communicate with the external environment. It is these pores that reduce the water resistance of gypsum composites. The formation of carbonate phases in the structure of gypsum stone will help improve the performance of the material. At the same time, the problem of preserving the natural environment for future generations is being solved. It also increases the economic and environmental attractiveness of the project.
INTRODUCTION
Gypsum binder finds increasing application in the construction industry. Materials based on them are safe and that their production does not require high temperatures [1] , i.e. energy efficient. However, gypsum materials do not always meet the requirements of strength, and therefore research in this area remain relevant. _____________ Explore the possibility of increasing the strength of gypsum materials through carbonation the work was dedicated.
Materials subjected to carbonation, not only safe, but also positively affect human health. Their positive impact on the environment describe the authors of work [1] . They talk about the need to create technologies that promote recycling of carbon dioxide from the atmosphere, and the benefits of such materials. Authors [2] describes the technology of manufacturing of paving stones, hardening in carbon dioxide environment. Such paving stones has increased strength characteristics. Other author discusses carbonization, as one of the factors for increase of compressive strength of concrete products and structures [3] . Also, the author draws attention to the considerable improvement in earthquake resistance of structures. The author of the work [4] says about improving seismic resistance too, but already porous concrete exposed to carbonation. A. A. Vahrushev [5] describes the process of making wall materials using forced carbonation. Carbonization promotes increase of compressive strength of finished products, with minimum energy consumption. I. Elkina [6] considers the influence of carbonation on strength properties of extruded waste rocks with cement and cement-limy binder. The author of the work notes the increasing speed of curing. Natural carbonation, as revealed by the authors of the works [7] [8] to a lesser extent, affects the strength characteristics. Strength of such products, in view of time is stretched less CO 2 . However, the use of such kind of carbonation for producing building materials also has a positive effect on the environment, promotes recycling gas from the atmosphere [9] . The author of the work [9] says about carbon dioxide, as a kind of additive-boosters. This supplement helps to accelerate curing. In addition, the author draws attention to the fact that the material past carbonation are biopozitive. These materials continue to absorb carbon dioxide indoors is already in operation. In article [10], the author focuses on describing the scientific principles of recycling carbon dioxide into building materials, gives recommendations.
METHODS
As the main component in the compositions of the raw mixes was used hemihydrate gypsum α-modification of the brand mark G-16, Samara gypsum plant (Samara, Russia). The gypsum binder of the brand mark G-16 was characterized by water demand of 36 %, start of setting -5 minutes, end of setting -19 minutes, compressive strength -16 MPa and bending -7 MPa.
As source materials for research used waste production of basalt fibers in Tver region. Lime is used in the form of a saturated solution for mixing gypsum binder.
To obtain a saturated solution of lime required for molding the samples, ground lime was used according to GOST 9179. Water used for mixing lime was heated to 60 ° C in a 1: 3 ratio by weight. Within two hours, the mixture was regularly stirred. Then the solution was allowed to settle until a solid precipitated and was filtered through a filter paper, after which it was ready for use.
To form cubic samples with a size of 0.02 • 0.02 • 0.02 m, the gypsum binder in the dry state was mixed with a basalt additive for 30 seconds, after which it was shut with a saturated solution of lime and stirred for 60 seconds with a hand mixer until homogeneous mixes. Water-gypsum ratio was taken to correspond to the normal density, which was determined on the instrument-viscometer. The amount of basalt component in the composition of the mixtures was taken constant and amounted to 10% of the mass of the gypsum binder.
Hardening of the obtained samples was carried out in air-dry conditions for 20 minutes, after which the samples were unpacked and placed in an air-dry hardening chamber. In order to carry out forced carbonization, gypsum samples were kept in a chamber in carbon dioxide for 6 days. The average density and strength of gypsum samples-cubes were determined on the 7th, 14th, 28th day of hardening by standard methods. Water gypsum ratio was taken to correspond to normal density. The amount of basalt component in the composition of the mixtures was taken constant and amounted to 10% of the mass of the gypsum binder.
RESULTS AND DISCUSSION
In this work, we investigated the dependences of the density and ultimate compressive strength of gypsum on the composition of the raw mix and hardening conditions. The effect of exposure to carbon dioxide on the structure of gypsum composites based on pure gypsum, a mixture of gypsum and lime, as well as mixtures of gypsum, lime and industrial dust of basalt production has been studied.
The results of studies of the dependence of the physic-mechanical properties of modified gypsum composites on the composition and hardening conditions are shown in Figures 1, 2, 3 . The obtained results showed that keeping in a chamber with carbon dioxide affects the compressive strength and density of the material. The studies found that the compressive strength of the samples exposed to carbonation, exceeds the compressive strength of the control samples more than 32 %. In the first case, the compressive strength was 36 MPa, in the case of a specimen -24 MPa (Figure 1) .
The increase in strength after carbonization is noted for a composition based on gypsum with the addition of lime and for a composition based on gypsum, lime and basalt waste.
Plaster-based compositions with waste additive, which did not undergo carbonization, showed the lowest strength. Their strength is reduced compared with gypsum-based specimens by 25%. This is due to the mineral composition of the waste, the presence of chlorides, which affect the processes of structure formation, the nature of the crystallization of gypsum, its water demand. Thus, the use of waste did not show positive results.
However, when added to a composition based on gypsum with the addition of lime waste, an increase in strength over the strength of a control composition based on gypsum is noted. After aging such a composition in an environment of carbon dioxide, an increase in strength occurs, but small. Therefore, forced carbonation is effective for gypsum formulations with lime. As a result of the interaction of the components of the mixture and carbon dioxide, carbonate compounds are additionally formed. They contribute to the hardening of the structure. The presence of aluminum compounds in the waste contributes to the formation of hydroaluminates [11] . Compaction of the structure of gypsum composites with the introduction of additives and carrying out carbonization is confirmed by density studies.
The dependence of the density on the composition of the raw mix and hardening conditions is similar to the dependence on compressive strength. The density of the samples subjected to carbonization was the highest and amounted to 1561.1 kg / m3. The density of the control samples -1497.2 kg / m3.
It should also be noted that in the first 7 days the most intensive hardening of the modified composite occurs, the compressive strength reaches 23.97 MPa, in the following periods -up to 14 days -the compressive strength increases by another 7 MPa, then the compressive strength gain is negligible. This is caused by the attenuation of hydration processes in the gypsum composite. The combined effect of carbonization and hydration on the compressive compressive strength is shown in Figure 3 . The contacts of the intergrowth of crystalline tumors of dihydrate and carbonate are compressive strengthened, and there are prerequisites for compaction and hardening of the crystal structure. The structure of a gypsum stone is characterized by the presence of a prismatic, partially elongated form of gypsum crystals. At high concentrations of basalt waste and lime, gypsum crystals are formed in a shape close to needle-like.
Thus, in the course of the research, the possibility of using carbonization as an energy-efficient way to increase the strength of hemihydrate gypsum composites was established. Compaction of the structure makes it possible to improve the performance properties of gypsum composites. The introduction of basalt waste and carbonization can reduce the consumption of binder without loss of strength of materials and reduce the cost of production. 
CONCLUSIONS
Carbonization can quite effectively accelerate the rate of curing of finished products based on gypsum, lime and basalt waste, without introducing expensive chemical modifiers. In addition, the resulting composites create the most comfortable conditions for living, meet the requirements of environmental standards to absorb carbon dioxide. Gypsum materials with high technical characteristics will be able to compete successfully in the market with other building materials as the basis for the production of wall and finishing products of high quality and safety.
